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Background: COVID-19 disproportionately impacted patients with cancer as a result of direct infection, and delays in
diagnosis and therapy. Oncological clinical trials are resource-intensive endeavors that could be particularly susceptible
to disruption by the pandemic, but few studies have evaluated the impact of the pandemic on clinical trial conduct.
Patients and methods: This prospective, multicenter study assesses the impact of the pandemic on therapeutic clinical
trials at two large academic centers in the Northeastern United States between December 2019 and June 2021. The
primary objective was to assess the enrollment on, accrual to, and activation of oncology therapeutic clinical trials
during the pandemic using an institution-wide cohort of (i) new patient accruals to oncological trials, (ii) a manually
curated cohort of patients with cancer, and (ii) a dataset of new trial activations.
Results: The institution-wide cohort included 4756 new patients enrolled to clinical trials from December 2019 to June
2021. A major decrease in the numbers of new patient accruals (�46%) was seen early in the pandemic, followed by a
progressive recovery and return to higher-than-normal levels (þ2.6%). A similar pattern (from �23.6% to þ30.4%) was
observed among 467 newly activated trials from June 2019 to June 2021. A more pronounced decline in new accruals
was seen among academically sponsored trials (versus industry sponsored trials) (P < 0.05). In the manually curated
cohort, which included 2361 patients with cancer, non-white patients tended to be more likely taken off trial in the
early pandemic period (adjusted odds ratio: 2.60; 95% confidence interval 1.00-6.63), and substantial pandemic-
related deviations were recorded.
Conclusions: Substantial disruptions in clinical trial activities were observed early during the pandemic, with a gradual
recovery during ensuing time periods, both from an enrollment and an activation standpoint. The observed decline was
more prominent among academically sponsored trials, and racial disparities were seen among people taken off trial.
Key words: clinical trials, COVID-19, cancer
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the USA, with >50 million cases of the disease and >800
thousand deaths reported as of December 2021.1 Patients
with cancer have been disproportionately affected by the
pandemic due to delays in new diagnoses,2,3 widespread
disruption of routine oncologic care,4,5 and severe out-
comes when they develop COVID-19.6,7

Compared with standard of care therapies, clinical trials
may be more susceptible to care disruption due to the
additional resources required. Treating patients on inter-
ventional studies requires a large team (clinical, regulatory,
and administrative) and often mandates additional in-
vestigations (such as radiological studies or tissue biopsy)
and frequent clinical visits. Despite these challenges, the
maintenance of clinical trials is imperative to advancing
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cancer care. In addition, clinical trials allow patients with
cancer to access novel and potentially life-prolonging ther-
apies. To ensure the continuity of clinical trials within the
USA, a framework for the conduct of clinical trials during
the pandemic was issued by the US Food and Drug
Administration in August 2021,8 including guidance
regarding how trial sponsors could manage trial deviations
and amendments that are inherent to the COVID-19
pandemic.

This report from the COVID-19 and Cancer Outcomes
Study (CCOS), a multicenter, prospective cohort study of
patients with cancer, aims to assess the impact of the
pandemic on therapeutic clinical trials at two large aca-
demic centers in the Northeastern United States.
METHODS

We evaluated clinical trial activities at two large cancer
centers [Dana-Farber Cancer Institute, Boston, MA (DFCI)
and the Tisch Cancer Institute at the Icahn School of
Medicine at Mount Sinai (ISMMS)] using two types of co-
horts: an institution-wide cohort of all new patient accruals
to oncological trials (hereafter called institution-wide
cohort), and a smaller manually curated cohort of pa-
tients (hereafter called manually curated cohort) linked to
an electronic data capture platform (REDCap database)9

with a larger set of variables. The institution-wide cohort
included all new patient accruals to oncological clinical trials
at DFCI and MSSM from December 2019 to June 2021 and
captured general patient- and trial-related characteristics.
The manually curated cohort consisted of adult patients
with a current or past history of malignancy who had an
outpatient medical oncology visit on the index week (2-6
March 2020) at DFCI or MSSM. Patient-, cancer-, and
treatment-related variables were captured in the manually
curated cohort, both during the 3 months before the index
week (referred to as the baseline period) and the following
3 months (first pandemic period). Among patient-related
variables in the manually curated cohort, six different
types of comorbidities were evaluated, and a comorbidity
score was calculated for each patient (Supplementary
Figure S1A, available at https://doi.org/10.1016/j.annonc.
2022.04.071). Additionally, we evaluated new oncological
clinical trial activations at DFCI from June 2019 to June 2021
(i.e. trial activation dataset). In the institution-wide cohort
of new patient accruals and the trial activation dataset,
periods were defined as 3-month intervals. The study was
approved by the institutional review boards of DFCI and
MSSM.

The primary objective was to assess the enrollment on
and accrual to oncology therapeutic clinical trials and to
evaluate changes in oncological trials activation during the
different time periods from December 2019 to June 2021.
Secondary objectives included assessing changes in patient-
and trial-related characteristics with respect to study
accrual (both in the institution-wide and manually curated
cohorts), and analyzing the incidence of trial deviations and
serious adverse events (SAEs) and their attribution as
2 https://doi.org/10.1016/j.annonc.2022.04.071
pandemic-related or not, defined as a diagnosis of, trial
deviation from, or adverse event secondary to COVID-19, or
changes in assessments to limit patient health care expo-
sures (in the manually curated cohort only). The percent of
change in new patient accruals during each pandemic
period compared with the immediate pre-pandemic period
(December 2019 to March 2020) and the percent of change
in new clinical trial activations during each pandemic period
compared with the average of the three pre-pandemic
periods (from June to December 2019) were calculated
as: (Nperiod�Ncontrol)/Ncontrol. Multivariable logistic regres-
sion models evaluated the correlates of trial recruitment in
the manually curated cohort, with list-wise deletions for
missing data. Self-reported race and ethnicity (non-Hispanic
white or non-white), and cancer center were included as
independent variables. Adjusted odds ratios (aORs) and
95% confidence intervals (CIs) were reported. Fisher’s exact
test was used to compare the percentage of racial groups
and trial categories (i.e. sponsor type) at the institution-
wide level during the time periods included, and analyze
the percentage of deviations and SAEs between the base-
line and pandemic periods in the manually curated cohort.
All tests were two-tailed and considered statistically signif-
icant for P < 0.05. The ManneWhitney U test was used to
perform pairwise comparisons of age between all time
periods (institution-wide cohort). Median follow-up was
determined using the inverse KaplaneMeier method.
Adjustment for multiple comparison (when applicable) was
carried out using the BenjaminieHochberg method.
A P value (or q value, when applicable) of <0.05 was
considered to be statistically significant. All analyses were
done in the R statistical environment (v3.6.1).
RESULTS

The institution-wide cohort had a total of 4756 newly
enrolled patients with a specific set of variables available for
each cancer center (i.e. DFCI and MSSM) (Figure 1A). The
mean age in the institution-wide cohort was 58.2 years
[standard deviation (SD) 16.1 years]. Among newly enrolled
patients from DFCI (n ¼ 4071), 3579 (87.9%) self-identified
as non-Hispanic white, 118 (2.9%) as non-Hispanic black,
123 (3.0%) as Hispanic or Latino, and 141 (3.5%) as Asian.
All major cancer types were fairly represented among newly
enrolled patients across DFCI from December 2019 to June
2021, as shown in Figure 2. The trial activation dataset had
a total of 467 new trial activations from June 2019 to June
2021 at DFCI (Figure 1B).

Compared with the immediate pre-pandemic period
(December 2019 to February 2020), there was a consider-
able decrease (�46%) in the numbers of newly enrolled
patients early in the pandemic (March to May 2020), fol-
lowed by a progressive recovery during the subsequent
periods and a return to normal levels from March to May
2021 (þ2.7% compared with the pre-pandemic period),
with a similar pattern seen at both cancer centers
(Figure 3A). There were no statistically significant shifts in
the racial distribution of newly enrolled patients at DFCI
Volume xxx - Issue xxx - 2022
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DFCI
N = 984 records

entered

Combined dataset
N = 2500 records

entered

MSSM
N = 1516 records

entered

Not meeting inclusion criteria (N = 139):
– Not seen by medical oncology (N = 91)
– Death before index week (N = 9)
– No malignancy (N = 4)
– Duplicate (N = 1)
– Missing REDCap form (N = 24)
– Missing clinical trial data (N = 4)

Analysis dataset
N = 2361 patients

Patients not on trial during the
study (N = 2029)

Patients on trial at any
point during the study

period
N = 332 patients

C

Figure 1. (A) Flowchart representing the number of new patient accruals to oncological trials in the institution-wide cohort from DFCI and MSSM, with available
patient- and trial-related variables. (B) Flowchart representing the number of newly activated trials included in the clinical trial dataset from DFCI. (C) Flowchart
representing the number of patients included from DFCI and MSSM in the manually curated cohort, with numbers of patients excluded with exclusion criteria, patients
included in the analysis, and the number of patients who were on trial at any point during the study.
DFCI, Dana-Farber Cancer Institute; MSSM, Mount Sinai School of Medicine.
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between all the time periods evaluated (pairwise Fisher’s
exact test: q > 0.05; Figure 3B). No significant age differ-
ences were identified between the different time periods
(pairwise ManneWhitney U test: q > 0.05; Figure 3C).

When evaluating clinical trials according to sponsor type
(i.e. academic versus industry versus government sponsored
Breast
N = 714

GI
N = 475

Gynecological
N = 281

GU
N = 400

H&N
N = 142

Heme
N = 944

Other solid
N = 750

Thoracic
N = 365

Figure 2. Donut plot representing the distribution by cancer type of all pa-
tients newly enrolled to oncological clinical trials across all DFCI (n [ 4071).
GI, gastrointestinal; GU, genitourinary; H&N, head and neck; Heme, Hematologic.
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trials) among newly enrolled patients at DFCI
(n¼ 4071), there was a statistically significant increase in the
proportion of new patients enrolled to industry sponsored
trials between the pre-pandemic period (December 2019 to
February 2020) and three of the pandemic periods [March to
May 2020 (q ¼ 0.04), June to August 2020 (q ¼ 0.04), and
March to May 2021 (q ¼ 0.001)] (Figure 4A and B). This
contrasted with a significant decrease in the proportion of
new patients enrolled to academically sponsored trials be-
tween the pre-pandemic period and two pandemic periods
[June to August 2020 (q¼ 0.03) andMarch toMay 2021 (q¼
0.04)] (Figure 4A and B).

Similar to what was seen in new patient accruals, the
numbers of newly activated oncological trials at DFCI (n ¼
467) experienced a major decline (�23.6%) early in the
pandemic (i.e. March to May 2020), followed by a gradual
increase during later periods, eventually reaching levels
higher than before the pandemic (þ30.4%) in the most
recent period (March to May 2021) (Figure 5). Moreover,
this pattern of evolution appeared to be consistent across
all major trial sponsor categories (Figure 5).

Of 2500 patients with available data in the manually
curated cohort, 2361 patients with therapeutic clinical trial
data were eligible for analysis (Figure 1C). The mean age in
the manually curated cohort was 64.2 years (SD 13.1 years)
and 1086 patients (46.0%) were female. With respect to
racial and ethnic distribution, 1342 (63.8%) self-identified as
non-Hispanic white, 299 (14.2%) were non-Hispanic black,
https://doi.org/10.1016/j.annonc.2022.04.071 3
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Figure 3. (A) Bar plot representing the number of newly enrolled patients to oncological clinical trials at the institution-wide level at DFCI and MSSM, across the
different time periods (3-month intervals). (B) Racial distribution of newly enrolled patients to oncological clinical trials in the institution-wide cohort at DFCI during
the studied time periods. (C) Age distribution among newly enrolled patients at DFCI (institution-wide level) during the different time periods, with pairwise com-
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DFCI, Dana-Farber Cancer Institute; MSSM, Mount Sinai School of Medicine.
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297 (14.1%) were Hispanic, and 167 (7.9%) were other non-
white. At a median follow-up of 84 days (95% CI 82-84
days), 128 (5.5%) patients were diagnosed with COVID-19;
122 infections were confirmed with a PCR or antibody
test (Supplementary Table S1, available at https://doi.org/
10.1016/j.annonc.2022.04.071). Three hundred and thirty-
two patients were on a clinical trial at any time point
(Figure 1C), encompassing at varying proportions all major
cancer types (Supplementary Figure S2A, available at
https://doi.org/10.1016/j.annonc.2022.04.071). Two hun-
dred and sixty-nine patients were on trial during the
baseline period (pre-pandemic period: December 2019 to
March 2020) and remained on trial during the first
pandemic period (March to June 2020). Thirty-four patients
who were on trial during the baseline period came off trial
during the first pandemic period, the majority [18 (52.9%)]
as a result of disease progression. No patients came off trial
secondary to developing COVID-19 or as a result of other
pandemic-related disruptions (Supplementary Figure S2B,
available at https://doi.org/10.1016/j.annonc.2022.04.071).
Among the patients in the manually curated cohort
(n ¼ 2361), only 29 (14 DFCI, 15 MSSM) patients were
4 https://doi.org/10.1016/j.annonc.2022.04.071
newly enrolled during the pandemic period, compared with
97 (58 DFCI, 39 MSSM) during the prior 3 months.

Of the patients who remained on trial during both time
periods (i.e. from December 2019 to June 2020), 75.4% were
non-Hispanic white. Of the patients newly enrolled into trials
during the first pandemic period, 75.0% were non-Hispanic
white, while 68.8% of the patients coming off trial during
the same periodwere non-Hispanic white (Figure 6A). Among
patients on trials during the baseline period, non-white pa-
tients tended to bemore likely to be taken off trial during the
first pandemic period compared with white patients (aOR
2.60; 95% CI 1.00-6.63; controlling for cancer center). Pa-
tients enrolled into clinical trials during the early pandemic
were similar in terms of race/ethnicity to patients who were
on trials at baseline and remained so during the pandemic
period. Additionally, no significant changes were observed in
the distribution of enrolled patients according to comorbidity
scores between the baseline and first pandemic periods
(Supplementary Figure S1B, available at https://doi.org/10.
1016/j.annonc.2022.04.071).

Secondary objectives included assessing the incidence
of trial deviations and SAEs and their attribution as
Volume xxx - Issue xxx - 2022
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Figure 4. Bar plot representing (A) the numbers and (B) the percentages of newly enrolled patients at the institution-wide level at DFCI according to trial
categories (i.e. sponsor type).
DFCI, Dana-Farber Cancer Institute.
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pandemic-related, defined as a diagnosis of, trial deviation
from, or adverse event secondary to COVID-19, or changes in
patient assessments to limit patient and health care worker
exposures. A total of 80 of 108 patients from MSSM on trial
during both periods had data on deviations and SAEs available
(Supplementary Figure S3, available at https://doi.org/10.
1016/j.annonc.2022.04.071). During the pandemic period,
40 patients had trial deviations recorded (32 minor and
pandemic-related; 2major and pandemic-related; and 6minor
and non-pandemic-related), which was significantly increased
compared with 9 trial deviations for the same patients during
the baseline period (P < 0.001; all minor and non-pandemic-
related; Figure 6B). SAEs were not more frequent
(P¼ 0.117) during the pandemic period (six SAEs, twoofwhich
were pandemic-related) compared with the baseline period
(one non-pandemic-related SAE; Figure 6C).
DISCUSSION

During the first peak of the pandemic in the Northeastern
United States, significant disruptions to clinical trial conduct
were observed at two large academic cancer centers, with a
substantial decrease in the numbers of new enrolled pa-
tients and newly activated oncological trials. This major
decline likely reflects the strain imposed on the health care
system during the pandemic as resources were diverted
towards immediate hospital and patient needs. Afterwards,
a progressive recovery was identified during subsequent
periods, both in patient accruals and trial activations,
eventually reaching normal levels in most recent times at
the two institutions despite the ongoing nature of the
6 https://doi.org/10.1016/j.annonc.2022.04.071
pandemic. Hence, while the COVID-19 pandemic resulted in
a major alteration of clinical trial organization, academic
institutions were able to respond to these unprecedented
circumstances, progressively adapting their systems
accordingly. This is further attested by a lower decrease in
the numbers of newly enrolled patients during the second
and most severe peak of the pandemic (from December
2020 to February 2021), compared with the early pandemic
period (March to May 2020).

Despite the disruption in clinical trial activities, no major
changes were seen in the racial distribution and age of
newly enrolled patients during the different pandemic pe-
riods, compared with pre-pandemic times. With respect to
study sponsor type and new patient accruals, however,
there appeared to be a shift towards a higher proportion of
industry sponsored trials and a lower proportion of
academically sponsored trials. This perhaps shows a better
adaptation among industry sponsored clinical activities.
Also, academic trials can be more resource-intensive en-
deavors, often requiring research biopsies and more visits,
which could have limited accrual.

Although the majority of patients previously enrolled in
clinical trials remained on trial during the first pandemic
period in the manually curated cohort, non-white patients
were more likely than white patients to be taken off trial
during the first pandemic period. The differences in clinical
trial enrollment during the pandemic based on race warrants
further investigation, though this finding aligns with prior
studies suggesting significant racial disparities in care during
this time.4,10 In addition, more deviations were recorded
during the pandemic period and were predominantly
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Figure 6. (A) Pie charts representing the breakdown of race and ethnicity by clinical trial participation group in the manually curated cohort (n ¼ 332). (B) Stacked bar
plot representing clinical trial deviations during the baseline and pandemic periods (P value from Fisher’s exact test for deviation versus no deviation reported) in the
manually curated cohort (n ¼ 332). (C) Stacked bar plot representing clinical trial serious adverse events during the baseline and pandemic periods (P value from
Fisher’s exact test for deviation versus no deviation reported) in the manually curated cohort (n ¼ 332). The baseline period was defined as the pre-pandemic period
from December 2019 to March 2020. The pandemic period was defined as the first peak of the pandemic of the Northeastern United States from March to June 2020.
SAE, serious adverse event.
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pandemic-related, leading to increased administrative
workload in logging deviations and communicating with the
trial sponsor.

Limitations of this study include the inability to include
an external cohort from another academic institution or
cooperative group to further validate our current findings,
the moderate sample size of the manually curated cohort
Volume xxx - Issue xxx - 2022
(n ¼ 332 patients), and differential ability to trace changes
in broader study accrual at the two sites.

The lessons learned during this challenging time may
improve patient clinical trial access and protocol adapt-
ability in the long term. Many studies with strict time points
for clinical examination, blood tests, and imaging were
forced to deviate from protocol due to the pandemic, as
https://doi.org/10.1016/j.annonc.2022.04.071 7
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was observed in our study, further building on previous
evidence reported at DFCI early in the pandemic.11

Although the impact of these changes on results remains
unknown at this time, this flexibility has been viewed
favorably by patients and researchers.12,13 In the future, it is
likely that trials could be designed with more flexible
timelines and reduced data collection requirements without
negative consequences. Furthermore, efforts to sustain
clinical trial enrollment and safely adapt research practices
during the pandemic through the use of telehealth, remote
monitoring, and shipment of therapeutic agents11,14,15 are
crucial to both ensuring patient access to novel agents and
to advancing clinical science. Measures including increased
patient, physician, and trial sponsor acceptance of tele-
health and postal delivery of oral experimental medications
may decrease geographic barriers to clinical trial enrollment
and allow greater flexibility in the setting of future
disruptions.
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